The exchange coupling between ferromagnetic Ni 81 Fe 19 and antiferromagnetic ͑AF͒ Pt x Mn 1Ϫx films prepared by rf and dc magnetron sputtering has been investigated. The Pt content in the Pt x Mn 1Ϫx film is in the range of 0 at. %ϽxϽ20 at. %. The exchange field and coercivity were found to depend strongly on the deposition conditions and the AF film composition. X-ray diffraction measurements and transmission electron microscopy measurement showed a ␥-PtMn phase with a disordered fcc structure when the Pt x Mn 1Ϫx was deposited on top of the Ni 81 Fe 19 layer. The exchange bias was found to depend on the texture and film composition of the ␥-PtMn layers.
Intensive studies have been made on exchange biasing materials for their application in anisotropic magnetoresistive ͑AMR͒ and giant magnetoresistive ͑GMR͒ spin-valve sensors used in high-density recording. Antiferromagnetic ͑AF͒ FeMn is commonly used for domain stabilization in AMR sensors and has been well studied. 1 In addition to FeMn, other exchange materials, such as CoNiO, NiMn, IrMn, CrMnPt, and RuRhMn, have been investigated. [2] [3] [4] [5] [6] [7] [8] However, little work has been done on the AF PtMn alloy with less than 20 at. % Pt content. 9 PtMn is of particular interest because of its corrosion resistance. We have investigated the exchange bias between ferromagnetic ͑FM͒ Ni 81 Fe 19 and AF Pt x Mn 1Ϫx (0at. %ϽxϽ20at. %). In this article, the magnetic properties, which depend on the deposition condition, film texture, and microstructure, will be presented.
Ni 81 Fe 19 and Pt x Mn 1Ϫx ͑PtMn͒ bilayers were deposited by magnetron sputtering onto glass substrates with a Ta buffer layer in a homemade five target sputtering system. Another 50 Å Ta layer was deposited on the top of the bilayer to protect samples against oxidation in air. The base pressure of the system was typically 10 Ϫ7 Torr. The Ni 81 Fe 19 film was sputtered from a permalloy target at an Ar pressure of 4 mTorr and a supply power of 400 W. The PtMn were sputtered from a Mn target with Pt chips bonded to it. The unidirectional exchange anisotropy and the uniaxial anisotropy of the exchange coupled Ni 81 Fe 19 layer were induced by the magnetic field of about 10 Oe arising from the ferrofluid seal on the substrate table in the sputtering chamber during deposition. Exchange biasing was obtained in samples in which the PtMn film was deposited on top of the Ni 81 Fe 19 layer. No exchange bias was observed when the PtMn was deposited first to form the bilayer structure: Sub/Ta/PtMn /Ni 81 Fe 19 /Ta.
A B -H loop tracer with a frequency of 10 Hz was used to characterize the magnetic properties of the films at room temperature. The Pt content of the Pt x Mn 1Ϫx films was measured by energy dispersion x-ray fluorescence measurements. The crystallographic properties of the thin film samples were determined using x-ray diffraction ͑XRD͒. -2 scanning was performed on a Rigaku diffractometer using a Cu K␣ radiation source. Transmission electron microscopy ͑TEM͒ was used to examine the microstructure of the PtMn films.
Usually the exchange bias is measured by a hysteresis loop method. An exchange field H e , i.e., shift of the hysteresis loop of the biased FM film relative to a single FM film, and a coercivity H c , i.e., the half width of the loop, are used to characterized the exchange bias effect. field. It was found that the coercivity changes more with the power than with the pressure. Increasing the power decreases the coercivity. In the range we investigated, the highest coercivity 8.3 Oe, was found in the bilayer with the PtMn film sputtered at 100 W power and 5 mTorr pressure, while the exchange field had a low value of 23 Oe for a Pt content of 6 at. %.
Comparison of the exchange bias from rf magnetron sputtered and dc magnetron sputtered samples is shown in Fig. 2 . dc magnetron sputtering gives a larger deposition rate than rf magnetron sputtering does. Unlike the bilayer system prepared by rf magnetron sputtering, the system prepared by dc magnetron sputtering shows a decrease of the exchange field with increasing pressure when the power is 100 W. Keeping the pressure at 5 mTorr for dc magnetron sputtering, the exchange field changes little with the power. A study of the exchange bias in Ni 81 Fe 19 /Ir 20 Mn 80 bilayers, which were prepared in the same sputtering system, showed that an almost 50% higher exchange field can be achieved by using dc magnetron sputtering than by using rf magnetron sputtering. 10 We did not see such an exchange field improvement in our Ni 81 Fe 19 /PtMn system. However, the samples prepared by dc magnetron sputtering show much smaller and less condition-dependent coercivity than those produced by rf magnetron sputtering. The average values of coercivity obtained from both rf and dc magnetron sputtering are shown in Fig. 2 , suggesting that higher deposition rates give smaller coercivity.
The PtMn film composition changes with the sputtering conditions. Figure 3 shows the pressure and power dependence of the film composition and the exchange field. The Pt content in PtMn films increases with increasing pressure and increasing power during rf magnetron sputtering. The exchange field increases as the Pt content increases up to 10 at. % and then decreases with further increasing of the Pt content. This Pt content dependence of the exchange field is consistent with the results obtained by keeping the sputtering power at 100 W and the pressure at 20 mTorr but changing the Pt chip number in the target. Figure 4 shows the XRD data for the Ni 81 Fe 19 /PtMn bilayers with PtMn layers deposited at a pressure of 5, 10, 15, and 20 mTorr with the power fixed at 100 W. A strong ͑111͒ texture for the fcc Ni 81 Fe 19 was found. The peak shown in Fig. 4 around 41°is due to PtMn. The ␥ phase for pure Mn with the fcc structure is only stable between 1079 and 1140 K, but ␥-Mn can be produced by doping with other elements at room temperature. 11 From electron diffractions of Ni 81 Fe 19 /PtMn bilayer samples, a ␥-PtMn with a disordered fcc structure was always found in samples with the Pt content in the range of 6 at. %ϽxϽ19 at. %. An ␣-Mn phase was also found in samples with a small amount of Pt doping ͑e.g., 6 at. % Pt͒. In principle, PtMn films can form in a ␥Ј-PtMn phase with a type of Cu 3 Au structure as the Pt to Mn composition ratio gets close to 1:3. There is a strong correlation between the film texture and film composition. The ͑111͒ texture is shown by XRD to increase with Pt content in the range from 0 to 20 at. %. The exchange bias is an interfacial exchange coupling. However, the intrinsic magnetic properties, the crystal structure and orientation, and the microstructure of the AF layer can affect the exchange bias. 13, 14 Previous experiments have shown that texture enhancement leads to an improvement of the exchange bias. 15, 16 In particular, an increase of the exchange field and a decrease of the coercivity in Ni 81 Fe 19 /Fe 50 Mn 50 bilayers can be achieved by improving the ␥-Fe 50 Mn 50 ͑111͒ texture. 16 In our Ni 81 Fe 19 /PtMn system, the ͑111͒ texture of the ␥-PtMn is not well established when the Pt content is too low, resulting in a smaller exchange field and a larger coercivity. When the ͑111͒ texture of the ␥-PtMn increases with increasing Pt content, the exchange bias is improved. However, when the Pt content is higher than 10 at. %, the exchange field decreases with improving of the ␥-PtMn ͑111͒ texture. We suggest that this is associated with the fact that the exchange bias is strongly dependent on the intrinsic properties of the antiferromagnet such as the exchange coupling between the AF moments and its uniaxial anisotropy. 13, 14 Thus, although the ␥-PtMn ͑111͒ texture is improved with increasing of Pt content, the exchange coupling constant A AF or the anisotropy K AF of the PtMn decreases with Pt content as evidenced by the fact that the magnetic moment and Néel temperature of Mn alloys with the ␥-phase are experimentally found to decrease with dopant concentration. 17 Compared with ␥-Fe 50 Mn 50 , PtMn has almost the same exchange field and blocking temperature, slightly larger minimum thickness, and remarkably larger resistivity. 10 It is interesting to note that the minimum thickness to pin the Ni 81 Fe 19 layer for Pt 10 Mn 90 is the same as the Pt 10 Mn 90 grain size. This relationship sheds light on exchange biasing in a polycrystalline bilayer where the exchange coupling is between the FM magnetization and the AF grains at the interface 14 and is discussed elsewhere. 
